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INTRODUCTION

Previously we reported the results of testing quinine-coated Styrofoam
and Plexiglas cages in a microwave field2 and described the design of a micro-
wave exposure array for multiple animal exposure at equal power density. 3
The physical size of the probe used in the original evaluation of the cages made
extensive field measurements difficult. The recent availability of a miniature
isotropic field probe1 permitted more complete measurements of the fields in

the interior of the cages, and also allowed improved measurements of the

entire microwave exposure array.
MATERIALS AND METHODS

Measurements of the field in the near vicinity and the interior of an in-
dividual quinine-coated cage (Figure 1) were conducted utilizing the facilities
of the Electromagnetics Branch, Bureau of Radiological Health (BRH), Rockville,

Maryland. The facilities consisted of a small anechoic chamber, and an S-band
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Figure 1. Styrofoam and Plexiglas cage



truncated pyramidal horn with 10-dB gain (Scientific-Atlanta Model 23-1.7/8).
The microwave energy was generated from a crystal-controlled oscillator at a
frequency of 2450 MHz, driving a traveling wave tube amplifier with a leveling
loop, directed to the antenna by coaxial cable. The cage was mounted on Styro-
foam blocks and placed on a platform of microwave absorbing material, with the
center of the cage on the axis of the transmitting antenna. The probe was
mounted on a motor-driven slide assembly which was shielded by microwave
absorbing material. The probe was driven in a fixed plane perpendicular to the
axis of transmission of the antenna at a distance of 3.77 ft (1. 15 m) from the
front edge of the horn antenna and at various heights parallel to the top of the
table (Figure 2). Probe location perpendicular to the axis of transmission was
measured by a calibrated digital readout of the voltage on potentiometers con-

nected to the probe driving mechanisms. The probe was oriented such that its
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Figure 2. Testing apparatus



center dipole was parallel to the E field vector. During use, the readings from
all three dipoles were summed. The probe was inserted using the slide assem-~
blies, through 1-cm holes placed in the walls of the cage for this purpose, or
through the bars, depending on cage orientation. The cages were tested in three
orientations: with the bars perpendicular to the axis of transmission and per-
pendicular to the E tield; with the bars parallel to the axis of transmission and
perpendicular to the E field; and with the bars parallel to the E field. The
probe was inserted at various heights from the axis of transmission depending
on cage orientation. The cage was moved closer or farther from the antenna
allowing the probe to be inserted in the various positions.

Measurements of the field in the center of the cages of the microwave
irradiation array (Figure 3) were conducted in the same anechoic chamber pre-
viously used at the Walter Reed Army Institute of Research (WRAIR), Depart-
ment of Microwave Research, Silver Spring, Maryland., Microwave energy was
generated from a Klystron tube driven at a frequency of 2450 MHz and directed
to the S-band standard gain pyramidal horn antenna by wave guides and coaxial
cable. The size of the chamber was 37 ft x 13 ft x 15 ft (11.27 m x 3.96 m
X 4.57 m). Using a distance from the horn antenna to the center cage of 19 ft
(5.79 m) the cages were placed generally along the equal power density locus,
as described previously. S After all cages were positioned, the probe was con-
secutively placed in the center of cages 1-6 and the positions of the cage sup-
ports slightly adjusted to ensure equal power density in the center of each cage.
Strip chart (Bausch & Lomb Model VOM-7) recordings of the power density
starting at transmitter turn-on were made. Sprague-Dawley 200-gram rats
were then introduced to all cages except one, which contained the probe. A 10~
minute recording of power density was made using the strip chart recorder.
This was repeated sequentially for cages 1-6, with rats in all nine other cages.
Measurements were not made in cages 7-10 due to the symmetry of the array
about the transmitting axis of the antenna, and the difficulty of physical access

to cages 7-10 from the walkway of the anechoic chamber. All measurements
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Figure 3. Microwave irradiation array

were made w:th the czntar dipole of the probe parallel 1o the E-field vector, and

the readings Zrom all three dipoles summed.
RESULTS AND CONCLUSION

The results of the field measurements of the quinine-coated cages at BRH
ere saowa for various cage orientations (Figures 4-7). The Styrofoam and
Plexiglas cages utilizec in the microwave array are shown to cause field per-
turbations of frcm 0 to .65 dB, depending on cage oriertation and the locaticn at

which the probe was inserted in the cage.
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Figure 4. Power density in cage. Cage oriented with bars perpendicular to
E field and perpendicular to axis of transmission. A. Probe height
0 in. (0 cm) tfrom axis. Center of cage 3.77 ft (1.15 m) from edge
of horn. B. Probe height 0 in. (0 cm) from axis. Center of cage
3.90 ft (1.19 m) from edge of horn. C. Probe height 0 in. (0 cm)
from axis. Center of cage 3.64 ft (1.11 m) from edge of horn. D.
Probe height 0 in. (0 cm) from axis. Center of cage 3.47 ft (1. 06 m)
from edge of horn. E. Probe height 0 in. (0 cm) from axis. Center
of cage 4.07 ft (1.24 m) from edge of horn. F. Probe height 1.5 in.
(3.81 cm) above axis. Center of cage 3.77 ft (1.15 m) from edge of
horn.

The results of field measurements of the complete array at WRAIR with-
out rats (Figure 8) and with rats in all cages (Figure 9) are shown. Although

the power density in the exposure array as shown in Figure 9 varied by as much
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Figure 5. Power density in cage. Cage oriented with bars perpendicular to
E field and perpendicular to axis of transmission. (Cage rotated
90° from Figure 4, bars facing antenna.) A. Probe height .5 in.
(1. 27 cm) above axis. Center of cage 3.77 ft (1.15 m) from edge
of horn. B. Probe height 2 in. (5.08 cm) above axis. Center of
cage 3.77 ft (1.15 m) from edge of horn.

as + 23 percent from the average power density in the cages farthest from the
antenna due to scattering from the moving rats in other cages, the average
value in any cage varied by no more than + 5 percent from the composite average
of all cages. The phase difference between cages was not considered as the size
of the cages was greater than one wavelength (12.24 cm) in all dimensions. The
animals, being free to move, would thus be exposed to the field in many differ-
ent phases, depending on their location in the cage at the time. The array was
located in the far field of the antenna. The closest cage was 4.5 meters from the
antenna.

Although it is obvious that none of the animals exposed would be in the

ideal situation of being in the far field of a perfect plane wave, it is shown that
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Power density in cage. Cage oriented with bars perpendicular to E
field and parallel to axis of transmission. A. Probe height 0 in.

(0 cm) from axis. Center of cage 3.77 ft (1.15 m) from edge of horn.
B. Probe height 0 in. (0 cm) from axis. Center of cage 4.02 ft
(1.22 m) from edge of horn. C. Probe height 0 in. (0 cm) from axis.
Center of cage 3.52 ft (1.07 m) from edge of horn. D. Probe height
1.5in. (3.81 cm) above axis. Center of cage 3.72 ft (1.15 m) from
edge of horn.
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Figure 7. Power density in cage. Cage oriented with bars parallel to E field
and perpendicular to axis of transmission. A. Probe height 2 in.
(5. 08 cm) above axis. Center of cage 3.77 ft (1.15 m) from edge
of horn. B. Probe height 2 in. (5. 08 cm) above axis, Center of
cage 3.65 ft (1.11 m) from edge of horn. C. Probe height 5.5 in,
(18.97 cm) above axis. Center of cage 3,77 ff (1.15 m) from edge
of horn.

all animals exposed in a given experiment would receive equal exposure to with-

in + 5 percent at the given average power density. The improved measurements

made possible by the miniature isotropic electric field probe developed by BRH

10



% 60—
E.{‘ B — —"
[= e —— e —
& _.'_' 0 p=
1 ,-: 4.5 =
; 4.0 =
3.5 | I
45 4 3 2 0
TIME (minutes)

Figure 8. Power density in cage 1 with all other cages empty

show that the array described provides significant advantages to many of the

facilities for multiple animal exposure currently in use by providing equal

average power density exposures to multiple animals.
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Figure 9. Power density in given cage with rats in all other cages
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